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information to allow evaluation of the structural qualities or the Structural 
Window unit manufactured by the Andersen Corporation, Bayport, Minnesota. 
Acceptability of the structural window panel was based on comparison with 
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Stress Calgplations for Critical Lo~ings 
g! the Structurfl V!indow ~ 
Certain stress calculations may be made to predict the performance of the 
structural window. 
A careful 9t\ldY of loads on houses is contained in HHFA Housing Research 
Paper #33 \1} 
Critical member loadings for walls are given as follows: 
Condition 1: Dead Load (wall and roof) plus snow load (roof) 
Permissible percent increase in allowable stress 15 
Condition 2: Dead Load (wall and roof) plus transverse wind load 
Permissible percent increase in allowable stress 33 
Suggested Live Loads 
Snow - 20 lbs. per sq. rt. horizontal projection 
Wind (on wall) 18 lbs. per sq. ft. vertical projection 
Estiinated Dead Loads 
Roof and Ceiling Structure 
Wall 
BENDING CONDITIONS 
15 lbs. per sq. rt. horizontal projection 
20 lbs. per sq. rt. 
Greatest bending stress will occur in the mullion of the 4830 window as the 
point or greatest moment and least cross section coincide at the sill or the 
unit. Only two 1 x 4 members are available to resist the bending action. 
( 1) Material and Labor Analysis House Framing Systems, Housing Research Paper #33, 
Housing and Home Finance Agenqy. 
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~LOADING CONDITION§ 
Different 1/d ratios occur with the different windows. Highest stresses will 
occur with the greatest 1/d ratios. 
1/..d RatiO§ 
~SJO Windows 
a) plane of wall 
..l.. = height of sash o~ening - ~ - 8.9 d mullion thickness 3.625 
b) perpendicular to wall 
_!_ - height of mullion stud = 21.0 = 25.1 d mullion dimension 3.625 
4863 Window 
c) plane of wall 
1 
T --
height of fixed sash opening = ~ = 14.1 
mullion thickness 3.625 
d) perpendicular to wall 
_!_= 
d 
height of mullion stud 
* 
-
-
..21- = 20.6 
4.416 
* d increased according to tapered column rule to compensate for 
window frame. 
COMBINED LOADING CONDITIONS 
Examining the axial and bending loading conditions, it is apparent that the 
4830 window is most critical as maximum column stresses and maximum bending 
stresses will occur in this unit. 
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~ATERJ~ Jm2 ALLOWABLE STRESSES 
; 
Assume materials of following charac~eristicst 
fa = fiber stress in bending . 1500 psi 
c = compression parallel to grato 1000 psi 
E =modulus of elasticity · 1, 760,000 psi 
C l = compression perpendicul·ar t~ grain 390 psi 
~ 
' Allowable stresses on columns are th;n L= 
A 
~E (2) (1/dT 
Allowable P/A for l/d of 8.9, 14.1, 20.6 = 1000 psi 
Allowable P/A for 1/d of 25.1 = 845 psi 
Permissible increase in stresses for dead and snow = 15% 
Permissible increase in stresses for dead and wind = 33% 
Allowable stresses on columns under combined loads are then 
1/d = 8.9, 14.1, 20.6 
1/d = 25.1 
-
-
-
dead & 
snow 
ll50 psi 
972 psi 
dead & 
wind 
1333 psi 
1127 psi 
Characteristics of materials and allowable stresses are in accordance with 
}!!Qod Structural Design ~~ Vol. !, !J!Y:g edition, and Supplement Number l 
thereto, published by the National Lumber Manufacturers Association. 
§_TRESS. QALCULATIONS. -~ HJNDOW 
Assume 28' span truss roof house -
Then total loads on critical member would be: 
Roof - Dead Load 
Snow Load 
15 psf' x 4 x 14 = 840 lbs. 
20 psf x 4 x 14 = 1120 lbs. 
Wall - Dead Load((~}). 
Wind Load 
20 psf X 4 X 8 
18 psf X 4 X 8 
• 640 lbs. 
= 576 lbs. 
{2)These loads are slightly large as some of each load would be 
carried directly to the floor. 
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~ondition 1 
P = Load 
Dead and Snow 
Snow 
Dead Roof 
Dead Wall 
ll20 
840 
640 
2600 lbs. 
A = area of cross section = 4 x 25/32 x 3-5/8 = 11.3 sq. in. 
C = Stress = P/A = ~ = 230 psi 
11.3 
allowable for 1/d of 25.1 = 972 psi 
Condition 6 
Axial 
P = Load 
Dead and Wind 
Dead Roof 
Dead Wall 
840 1bs. 
..!;.ML 
1480 lbs. 
OK. 
A = area or cross section = 4 x 25/32 x 3-5/8 = ll.3 sq. in. 
C = stress = P/A = 1480/11.3 = 131 psi 
bending 
W = load 
L = span 
M = moment 
= 576 1bs. 
= 96 inches 
= WL/8 = 576 x 96 = 6912 in lbs. 
8 
S = section modulus = 3.42 in 3 
r = stress= H= 6912 = 2,210 psi 
s 3.42 
allowable check 
!lL + M/S = or less than 1 
C fa 
Obviously, this condition is not satisfied and it would be advisable to use 
a material 'With an allowable fiber stress of 1900 psi. 
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PROPOSED DEFINITION AND PERFORMANCE STANDARDS 
FOR 
STRUCTURAL v1INDOWS 
as recommended qy 
SMALL HOMES COUNCIL 
University of Illinois 
Copyright, 1958, by the University of Illinois. All rights reserved. 
No part of this publication may be reproduced in any form without 
permission in writing from the publishers. 
PROPOSED DEFINITION AND PERFORMANCE STANDARDS 
FOR 
STRUCTURAL WINDOWS 
PROPOSED DEFINITION: STRUCTURAL 'WINDOW 
A totally or partially preassembled section of an exterior wall which, when 
finally assembled in the wall 1 is to carry its fair share of structural 
loads, and which is composed in whole or in part of a glazed area which is 
to perform the function of a normal window. 
Performance requirements for structural windows have not been standardized 
and, therefore, it is necessary to establish such requirements in order to 
evaluate any given structural ~ndow. 
If the above definition is accepted, the use of the term "structural window" 
implies that the unit is load carrying. Logic indicates that, for the most 
part 1 the structural window frame should be able to function structurally 
equal to the wall unit it replaces. The tests and methods prescribed in 
1. HHFA Performance Standards - Structural and Insulation Requirements for 
Houses, Technical Office, Housing and Home Finance Agency, WashingtQn, D. C. 
and 
2. Standard Methods of Conducting Strength Tests of Panels for Building 
Construction, American Society for Testing Materials, ASTM Designation 
E72-55, 1916 Race Street, Philadelphia, Pennsylvania, 
should form the basis for establishing suggested performance standards for 
structural windows and/ or wall sections with openings. 
Comments concerning each of the prescribed tests follow: 
TRANSVER~ (BEND:nfg}_ LOAD!.N.Q 
The panel, after assembly is complete,* should comply to standards specified 
for solid panels, but the specimen should be loaded in such a manner that 
any load that would fall on the glass or opening is transferred to an adjacent 
part of the penel. The panel width selected for test should include any portions 
of the .adjaocnt wall which are normally specified to give added support at the 
opening. 
*including installation of exterior and interior finish materials neoessar,y 
to complete the wall, if these materials are not included as part or the 
structural window unit as manufactured. 
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Recommended design loads: 
15 psf wind load applied transversely. 
Acceptable performances: 
At design loads, maximum deflection for plaster: _l_ of span 
360 
At design loads, maximum deflection for dry wall: ..L of span 
240 
At 2f times design load: Sustaining the load and 
a maximum residual displacement of 25 per cent of 
the total deflection after removal of the load. 
Discussion: 
The transverse loading of walls is caused primarily by wind. 
The most severe test of the structural window will occur When 
the window glass remains intact and transfers the entire load 
applied against the window to its structural frame. 
If the glass of a window panel remains intact 1.mder the 
application of wind loads, the load will be transferred to 
the structural members of the panel. In the usual case, a 
heavy stress will be carried by the side members of the frame. 
Where two panels are joined to form a double window, the burden 
or this loading 'Will be at the mullion and its continuation above 
and below the window proper. In this respect the structural 
window does not function too differently from the structural 
framing which surrounds the non-structural window, and it should 
perform accordingly. 
AXIAL LOADING 
The panel after assembly is complete, should comply to standards specified 
for solid panels. The panel width selected for the test should include any 
portions of the adjacent wall which are normally specified to give added 
support at the opening. 
Recommended design loads: 
500 lbs. per lineal foot of wall (roof load) 
Acceptable performance: 
Supporting the vertical load 
At 2t times roof load: Sustaining the load and 
a maximum residual vertical shortening or lateral 
deflection· of 40 per cent of the total deflection 
after removal of the load. 
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.,._- Discuss iq_t;!: 
From the definition of a structural window, it can be inferred, 
that the structural window panel should be capable of supporting 
axial loads. 
No requirements, excepting that any wall comprised of structural window 
panels and solid construction should have a minimum of eight feet of 
wall which meets the standard for racking. 
DiscussiQn,: 
Racking leads are primarily caused by the action of wind loads, on 
the sides or ends of houses which are transferr~d to and resisted by 
walls oriented perpendicularly to the walls receiving force. 
The Performance Standards of the Housing and Home Finance Agency 
specify sta~dard testing procedures which require that racking 
tests be made on a section of the wall to be evaluated which is 
8 feet long in the direction of the application of the load, and 
further specify that the load applied shall be 100 pounds per 
lineal foot of wall, or a total of 800 pounds, with a deflection 
limitation of 1/8 inch. (Acceptable performance also requires a 
load equal to 2-1/4 times this load--with a limitation of residual 
deflection not to exceed 25% of the maximum deflection). 
No specifications are made as to the per cent of solid wall required 
in a given wall of a house, but wall construction is generally approved 
where two diagonally braced sections or a minimum width of four feet, 
or equivalent racking resistance, are provided. 
CONCENTRATED 10P.DS 
and 
IMP ACT LOADING 
--.-.-------
Compliance not required for glazed portions of structural window panels. 
Solid portions of the panel should comply. (Where the solid portions of 
a window panel follow the construction pattern of acceptable surrounding 
solid wall construction, it would be assumed that the structural window 
panel meets the requirements for impact and concentrated load&) 
Discus sign: 
A ra.l..:ional examination of the functions of the window indicates 
that t~1e glazed section of the window should not be expected to 
withstand concentrated or impact loads of the nature specified 
for wall panels. 
GENERAL 
Specimens to be evaluated should be composed of multiple units where such 
units are to be used in the house and the strength of such multiple asse~lies 
is less than an individual unit • 
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PURPOSE 
Transverse (wihd load) and axial (roof load) loading tests were per-
formed on variations of window wall sections. The actual deflections from 
the specified loading were observed to enable a comparative analysis between 
conventionally framed openings and structural windows, numbers 4830 and 4863.* 
TEST PROCEDURES AND EQUIPMENT 
Test procedures were similar to those suggested by ASTM (1), except 
that 1) the panels were laid on roller bearings in a horizontal position 
on the floor, and 2) a variation in the deflection measuring devices was 
used--the necessary loading in each case was applied to achieve comparative 
results. Modifications in the set-ups were constructed and assembled for 
use on the structural testing facility at the Wood Research Laboratory, 
Purdue University. The test facility consists of a structural floor slab, 
steel brackets and a hydraulic system for applying loads to full-scale wood 
specimens (6). Each set-up is described and explained in detail in the 
description of the specific tests. 
TRANSVERSE LOADING 
Wall Sections With Openings 
Since there are no universally accepted testing procedures or require-
*Andersen Window Company 
ments for window panels or sections of walls with windows, several variations 
of the ASTM Specifications for ~olid wall testing were employed. The 
double window openings were 8 feet high and 8 feet wide, (rather than the 
usual 4' x 8' test specimen). A 2 x 4 stud was nailed to each vertical 
side of the described panels. These additional studs were to simulate the 
adjoining studs in a normal window framing opening. All of the panels were 
covered with exterior sheathing and interior wallboard; however, an exterior 
finish material was not applied. An impartial selection of siding was 
difficult due to the great variation of materials on the market. 
Test Set-Up 
The 8 x 8 wall sections were placed tn a horizontal position simply 
supported on each end on rollers. The loads were applied by means of 
hydraulic cylinders, and the amounts of loads were determined by precalibrated 
electrical resistance strain gauges which were attached to the ram of the 
cylinders. The process of loading conformed to ASTM Specifications, that is, 
a load was applied and released with the residual deflection readings 
observed. The panels were not loaded to destruction but they were, however, 
loaded as specified in HHFA Performance Standards (2) pertaining to transverse 
loads for solid wall panels. The acceptable s~andards follow: 
SUGGESTED PERFORMANCE STANDARDS FOR TRANSVERSE LOADING 
OF WALL SECTIONS WITH OPENINGS 
Recommended design loads: 
15 psf wind load applied transversely. 
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Acceptable performances: 
At desi.gn loads, , maximum deflection for plaster: 1 
" 360 
At design 1 oads, maximum deflection for dry wall : _!_" 
240 
At 2! times design load: Sustaining the load and 
a maximum residual displacement of 25 per cent 
after removal of the load. 
Results of the 10 sections subjected to transverse loads appear in 
Table 1. 
AXIAL LOADING 
Wall Sections With Openings 
The various wall sections with openings used for the axial tests were 
the same sections used for the transverse load tests. Each section was 
placed in a horizontal position supported on the floor with roller bearings. 
The load was applied to the top plate 1/3 of the distance from the interior 
surface of the panel simulating an eccentrically applied load. The hydraulic 
system with cylinders supplied the axial load force. The panels were not 
loaded to failure. They were, however, loaded in accordance with the 
following specifications: (2) 
SUGGESTED PERFORMANCE STANDARDS FOR AXIAL LOADING 
OF WALL SECTIONS WITH OPENINGS 
Recommended design loads: 
500 per lineal of wall (roof load) 
Acceptable performance: 
Supporting the vertical load. 
At 2! times roof load: Sustaining tbe load and 
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a maximum resiqual vertical shortening or 
lateral deflection of 40 per cent after 
removal of the l ·oad. 
The results of the 10 sections subjected to axial loading may be seen 
in Table 2. An additional measurement, lateral deflection, during axial 
loading •u~t be observed. This is the bowing of the panel as a result of 
the eccentric axial load. For acceptable performance, the deflection in both 
of these tests must not exceed 40 per cent residual set when 2t times design 
load has been applied and released. The results of the lateral deflection 
from axial loading for the 10 sections may be seen in Table 3. 
CONSTRUCI'ION 
There were two different groups of sections considered. One group, 
8 feet in height and 8 feet in width, with an additional 2 x 4 stud nailed 
to each side, differed from the second group in that the width of the second 
group was reduced to 4 feet. The smaller sections also had the 2 x 4 studs 
nailed to the vertical side members .• 
Within each group, the framing and headers of the individual sections 
were varied. The headers in certain sections were conventionally framed; a 
double 2 x 6 with a double 2 x 4 top plate. The headers for the remaining 
sections were double 2 x 6 members, spaced with 3/8" plywood. These headers 
were fastened et the top to a 2 x 4 panel plate with 7" lag screws and nails. 
(Small Homes Council Wall Panel Framing System,) 
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Figures 1 and 2 show the framing system of the conventionally framed 
wall sections with window openings. Figures 3 and 4 show the framing system 
of the panelized construction with the double 2 x 6 header fastened to the 
panels with lag screws. Structural window number 4830 is installed in these 
panels. Figures 5 and 6 show the same panelized framing syste~ but with 
window number 4863. Figures 7 and 8 show the 4830 window with conventional 
header. Figures 9 and 10 show the 4863 window with the conventional header 
as just described. 
MATERIALS 
The materials forming the framework consisted of Douglas Fir 2 x 4, 
2 x 6 and 2 x 12, mixed grades. (5) These ele~ents were assembled according 
to recommended nailing procedures. Two different structural windows (4830, 
4863) were assembled in the various framing systems. Exterior covering of 
the sections consisted of 25/32" insulation board. The interior covering 
was i" gypsum board. Each of these coverings was attached as recommended 
by the specific manufacturers. (4) (7) 
DESCRIPTION OF PANELS AND TESTS APPLIED 
Two different window opening heights were included in the tests as 
each of selected heights represented critical conditions. 
In the test with the 4830 windows, maximum bending occurs immediately 
below the sill of the window where the only continuous piece of the structural 
window frame is a 1 x 4. 
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The tests of the 4863 window represents the most .critical condition 
for axial loading as the laterally unsupported length of the mullion 
section is greatest. 
Speeim&a xo. 1 
A conventionally framed wall section with opening was fabricated to 
be used in the comparative analysis with the panelized structural windows. 
This commonly accepted section was framed with 2 x 4 stujs, 16" o.c. A 
double 2 x 12 header was placed over the opening. A double 2 x 4 top plate 
was nailed to the header as recommended. A 2 x 4 stud was nailed to each 
cripple simulating the adjoining stud in a structure, Figures 11 and 12. 
The results of this section in transverse loading may be seen in Graph No. 1. 
The results of axial loading in Graph 11 and the results of the lateral 
deflection in Graph No. 21. 
Specimen No. 2 
Specimen number two consisted of two structural windows, (4830), 
assembled into a test specimen with a double 2 x 6 header. Two 7" lag 
screws fastened the double header to the top panel plates. Similarly, a 
2 x 4 stud was nailed to each vertical outside edge of the structural 
window panels, Figures 13, 14. The results of this section in transverse 
loading may be seen in Graph No. 2; the results of axial loading in Graph 
No. 12, and the results of the lateral deflection from axial loading in 
Graph No. 22. 
Specimen No. 3 
Specimen number three consisted of two structural windows, (4863), 
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assembled into a test specimen with the panelized framing system :utilizing 
the double 2 x 6 header fastened to the top 2 x 4 panel plates with two 
7" lag screws. As before, a 2 x 4 stud was nailed to each outside vertical 
edge of the structural window panel. Figures 15, 16. The results of this 
specimen in transverse loading may be seen in Graph No. 3; the results of 
axial loading in Graph No. 13; and the ~results of the lateral deflection 
from axial loading in Graph No. 23. 
Specimen No. 4 
Specimen number four consisted of two structural windows (4830 reused 
from specimen number 2). These were assembled into a test specimen with 
a conventional double 2 x 6 header over the windows and with the double 
2 x 4 top plates nailed to the header. A 2 x 4 stud was nailed to each 
outside vertical edge of the structural window panels. The results of this 
section in transverse loading may be seen in Graph No. 4; the results of 
axial loading in Graph No. 14, and the results of the lateral deflection 
from axial loading in Graph No. 24. 
Specimen No. 5 
Specimen number five consisted of two structural windows (4863 reused 
from specimen number two). These were assembRd into a test specimen with a 
conventional double 2 x 6 header over the windows and with 2 x 4 top plates 
nailed to the header.. As before, a 2 x 4 stud was nailed to each outside 
vertical edge of the structural window panels, Figure 17. The results of 
this section in transverse loading may be seen in Graph No. 5; the results 
of axial loading in Graph No. 15, and the results of the lateral deflection 
from actual loading in Graph No. 25. 
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Fig. 11 8 x 8 Conventional Section 
Btg. 13 Panelized Construction. 
Structural Window 4830 
Fig. 15 8 x 8 Panelized Construction. 
Structural Window 4863 
Fig. 12 Failure in Conventtonal Section 
f~om Extreme Loading 
Fig. 14 Section Ready for Axial Loading 
Fig. 16 Test Specimen Under Transverse 
Loading 
Specimen No. 6 
Specimen number six was a c~nventional wall section with window 
opening section fabricated to be used for the comparative analysis with 
the panelized structural windows. This specimen differed from the previous 
five in that its dimensions were 4 x 8. It was framed with 2 x 4 studs 
16" o.c. A conventional double 2 x 6 header was placed over the opening 
and a double 2 x 4 top plate was nailed to the header as recommended. A 
2 x 4 stud was nailed to each cripple. The results of this section in 
transverse loading may be seen in Graph No. 6; the results of axial loading 
in Graph No. 16, and the results of the lateral deflection from axial 
loading in Graph No. 26. 
Specimen No. 7 
Specimen number seven consisted of one structural windo~ (4830), 
assembled into a test specimen with a double 2 x 6 header as used in wall 
panel framing systems. A 7" lag screw fastened the double header to the 
top panel plate. A 2 x 4 stud was nailed to each vertical edge of the struc-
tural window panels. Figure 18. The results of this section in transverse 
loading may be seen in Graph No. 7; the results of axial loading in Graph 
No. 17, and the results of the lateral deflection from axial loading in 
Graph No. 27. 
Specimen No. 8 
Specimen number eight consisted of one structural window, (4863), 
assembled into a test~specimen With a double 2 x 6 header as used in panel-
ized framing systems. A 7" lag screw fastened the double header to the top 
panel plate. A 2 x 4 stud was nailed to each outside vertical edge of the 
structural window paael, Figure 19. The results of this section in transverse 
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Fig. 17 Double Window 4863 
Ready for Transverse Test 
Fig. 19 Window 4863 Ready for 
Axial Loading 
Fig. 18 4 x 8 Specimen Ready for 
Axial Loading 
Fig. 20 Transverse Loading Set-Up 
'I 
' l 
loading may be seen in Graph No. 8; the results of axial ;loading :in 
Graph No. 18, and the results of the lateral deflection from axial loadihg 
in Graph No. 28. 
Specimen No. 9 
Specimen number nine consist~d of one structural wi:tdow, ( 4830), 
assembled into a test specimen with a conventional double 2 x 6 header over 
the window, and the conventional double 2 x 4 top plates nailed to the 
header. A 2 x 4 stud was nailed to each outside vertical edge of the 
structural window panel. The results of this section in transverse loading 
may be seen in Graph No. 9; the results of axial loading in Graph No. 19, 
and the results of lateral deflection from axial loading in Graph No. 29. 
Specimen No. 10 
Specimen number ten consisted of one structural window, (4863). This 
window was assembled into a test specimen with a conventional double 2 x 6 
•eader over the window and the conventional double 2 x 4 top plate nailed 
to the header. As before, a 2 x 4 stud was nailed to each outside vertical 
edge of the structural window panel. The results of this section in trans-
verse loading may be seen in Graph No. 10; the results of axial loading in 
Graph No. 20, and the results of the lateral deflection from axial loading 
in Graph No. 30. 
RESULTS 
Each of the specimens subjected to the aforementioned transverse loading 
and axial loading tests, was reported inthe form of deflection curves. The 
horizontal ordinate of each graph records the deflection in inch measurements. 
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The vertical ordinate records the various loads applied; pounds per square 
foot for transverse loading and pounds per lineal foot for axial loading. 
Design loads for transverse tests are 15 pounds per square foot. 
Allowable deflection at the center of each specimen side must average 
0.250 inches or less for plaster ( L ) and 0.375 inches ( L ) for dry 
360 24o 
wall interior finish (2). The symbol~ notes the location of the allowable 
deflection for plaster and the symbol+notes the location for allowable de-
flection for dry wall finish. The heavy curve on the graph connects the 
points of deflection for each of the specified loads. The points are 
designated by the larger heavy dots. The lighter eurve connects the potnts 
resulting from residual set in the specimen. These points are designated 
by encircled dots. 
The graphs of the specimens are arranged in the following order: 
Transverse loading, Graph No. 1 through Graph No. 10. 
Axial loading, Graph No. 11 through Graph No. 20, and 
lateral deflection from axial loading, Graph No. 21 
through. Graph No. 30. 
From the graphs described above, three tables were derived giving the 
graph number from which they were taken, the size of the sections, the type 
of window or opening, and the performance characteristic. Table 1 is the 
transverse test results of both the large and the small sections. Table 2 
is the axial load test results, and Table 3 is the lateral deflection, from 
axial loading, of all of the sections subjected to the loading. 
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Table 1. TRANSVERSE LOADING 
GRAPH SPECIMEN SI~1! FRAMING SYSTEM DEFLECTION AT DESIGN LOAD 
(ft.) 
No. 1 8x8 Conventional Framing. A exceeds L and~ 
No Window Frame 360 240 
No. 2 8x8 Panelized - Double t:. exceeds . L • Does not exceed~. 
Window - 4830 360 240 
No. 3 8x8 Panelized - Double A does not exceed _.!!... or ~ 
Window - 4863 360 240 
No. 4 8x8 Conventional Header. !:::. does not exceed.....!!_ or -.!!.. 
Double Window - 4830 360 240 
No. 5 8x8 Conventional Header. A does not exceed ...!!... or__!!__ 
Double Window - 4863 360 240 
No. 6 4x8 Conventional Framing. !:::. does not exceed _.!!.... or ....!!.. 
No Window Frame 360 240 
No. 7 4x8 Panelized - Single A does not exceed_£.._ or_!!... 
Window - 4830 360 240 
No. 8 4x8 Panelized - Single !:::. does not exceed~ or_!_ 
Window - 4863 360 240 
No. 9 4x8 Conventional Header. A does not exceed_.!!.... or _h.. 
Single Window - 4830 360 240 
No. 10 4x8 Conventional Header. !:::. does not exceed...!!... or~ 
Single Window - 4863 360 240 
Table 2. AXIAL LOADING 
GRAPH SPECIMEN SIZE FRAMING SYSTEM RESIDUAL DEFLECTION 
(ft.) At 2 1/4 Design Load 
No. 11 8x8 Conventional Framing. 7$ residual ~ 
No Window Frame 
No. 12 8x8 Panel j . zed - Double 20% residual ~ 
Window - 4830 
No. 13 8x8 Panelized - Double 25% residual~ 
Window - 4863 
No. 14 8x8 Conventional Header. 12% residual ~ 
Double Window - 4830 
No. 15 8x8 Conventional Header. 27% residual ll 
Double Window - 4863 
No. 16 4x8 Conventional Framing. 21% residual A 
No Win:Iow Frame 
No. 17 4x8 Panelized - Single 23% residual 6 
Window - 4830 
No. 18 4x8 Panelized - Single 22% residual 6 
Window - 4863 
No. 19 4x8 Conventional Header. 1610 residual 6. 
Single Window - 4830 
No. 20 4x8 Conventional Header. 13$ residual A 
Single Window - 4863 
Table 3. LATERAL DEY.LECTION - Axial Loading 
GRAPH SPECIMEN SIZE FRAMING SYSTEM RESIDUAL LATERAL DEFLECTION 
(ft.) At 2 1/4 Design Load 
No. 21 8x8 Conventional Framing. 12% residual A 
No.Window Frame 
No. 22 8x8 Panelized - Double 12% residual A 
Window - 4830 
No. 23 8x8 Panelized - Double 10% residual ll 
Window - 4863 
No. 24 8x8 Conventional Header. 6% residual A 
Double Window - 4863 
No. 25 8x8 Conventional Header. 18% residual 6 
Double Window - 4830 
No. 26 4x8 Conventional Framing. 15% residual A 
No Window Frame 
No. 27 4x8 Pauelized - Single 10$ residual A 
Window - 4830 
No. 28 4x8 Panelized - Single 18% residualll 
Window - 4863 
No. 29 4x8 Convention~! Header. 10% residual A 
Single Window - 4830 
No. 30 4x8 Conventional Header. 10$ residual 6 
Single Window - 4863 
CONCLUSIONS 
1. Shipping and packaging: Three of the six structural windows were 
damaged during shipment. One of the windows, 4830, was damaged as a 
result of a racking blow. The 1 x 4's along one edge were separated. 
Two of the 4863 windows were broken. The window sash were detached 
from the frame and the glass had been removed in Chicago. There was 
no evidence on the crating material that punctures of any kind had 
been made. Damage was obviously a result of dropping the package. 
2. A poor glue bond was observed before testing in each of the panel sides. 
Inadequate nail pressure and the observance of a starved glue line 
undoubtedly suggested the cause for the separation of the 1 .··"X 4' s. 
No glue line failure was observed, however, between the 1 x 4's and 
the window framing. 
3. The 1 x 4 side plates were of an inferior grade unsuitable for such 
a structural component. Occasionally, when nailing studs to the 
window frame, splitting of the 1 x 4's occurred as a result of the 
nails driven near the knots. 
4. It is recommended that window framing material exposed to outside 
elements be preservative treated. The six panels used in the present 
study were observed to have had no preservative treatment. 
5. To be a complete study according to ASTM Specifications, a minimum 
of three panels of identical nature should be subjected to each of 
the separate tests. The present series of tests must be considered a 
pilot study and in no way should be extended even as a statistical 
representation. 
6. All of tbe structural window· assemblies passed the suggested p~r• 
formance standards for wall sections with window openings with one 
exception. Specimen number two (double window 4830) exceeded the 
allowable deflection limit for plaster under transverse load. It 
was acceptable for dry wall. 
This failure in stiffness may possibly be attributed to the extremely 
poor quality of the 1 x 4 side plate, and points up the necessity 
for care in selection of the material for this piece. It would seem 
advisable to use clear vertical-grain douglas fir or its equivalent 
for this side plate member. It should also be pointed out that it is 
necessary to test a minimum of three specimens of each type in order 
to obtain a representative result. 
7. The 8' x 8' wall section with a conventionally framed window opening 
failed to pass the suggested standards for deflection at design load 
under transverse bending. Obviously, some additional strength would be 
gained if a non-structural window had been installed in the opening. 
8. All of the structural window assemblies exceeded the performance of 
the comparative wall panels with conventionally framed windows. It 
should be pointed out, however, that no window frame of any type was 
installed in the opening and, therefore, the stiffening of such framing 
was lost. 
9. All the described specimens were tested for axial loading with favorable 
results compared to the suggested standards. None of the sections tested 
in axial loading exceeded the 40 per cent maximum allowable residual 
deflection, and none of the sections tested for lateral deflection 
exceeded the 40 per cent maximum allowable residual deflection. 
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PROPOSED DEFINITION AND PERFORMANCE STANDARDS 
FOR 
STRUCTURAL WINDOWS 
PROPOSFD DEFINITIONs STRUCTURAL WINDOW 
A totally or partially preassembled section of an exterior wall which, when 
finally assembled in the wall, is to carry its fair share of structural 
loads, and which is composed in whole or in part of a glazed area which is 
to perform the function of a normal window. 
PROPOSED PERFORMANCE WNDARDS ~ .§IRY9TURAL WINDO}§ 
Performance requirements for structural_ windows have not been standardized 
and, therefore, it is necessar.y to establish such requirements in order to 
evaluate any given structural window. 
If the above definition is accepted, the use of the term "structural window" 
implies that the unit is load ca:rrying. Logic indicates that, for the most 
part, the structural window frame should be able to function structurally 
equal to the wall unit it replaces. The tests and methods prescribed in 
1. HHFA Performance Standards ·· Structural and Insulation Requirements for 
Houses, Technical Office, Housing and Home Finance Agency, Washington, D. C. 
and 
2. Standard Methods of Conducting Strength Tests of Panels for Building 
Construction, American Society for Testing Materials, ASTM Designation 
E72-55, 1916 Race Street, Philadelphia, Pennsylvania, 
should form the basis for establishing suggested performance standards for 
structural windows and/or wall sections with openings. 
Comments concerning each of the prescribed tests follow: 
TRANSVERSE (BENDINg)_ LOADING 
The panel, after assembly is complete,* should comply to standards specified 
for solid panels, but the specimen should be loaded in such a manner that 
any load that would fall on the glass or opening is transferred to an adjacent 
part of the panel. The panel width selected for test should include any portions 
of the adjacent wall which are normally specified to give added support at the 
opening. 
*including installation of exterior and interior finish ma~erials necessary 
to comPlete the wall, if these materials are not included as part of the 
structural window unit as manufactured. 
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~ecommended design loads: 
15 psf wind load applied transversely. 
Acceptable performances: 
At design loads, maximum deflection for plaster: ..1.. of span 
360 
At design loads, maximum deflection for dry wall: J_ of span 
240 
At 2f times design load: Sustaining the load and 
a maximum residual displacement of 25 per cent of 
the total deflection after removal of the load. 
Discussion: 
The transverse loading of walls is caused primarily by wind. 
The most severe test of the structural window will occur when 
the window glass remains intact and transfers the entire load 
applied against the window to its structural frame. 
If the glass of a window panel remains intact under the 
application of wind loads, the load will be transferred to 
the structural members of the panel. In the usual case, a 
heavy stress will be carried by the side members of the frame. 
Where two panels are joined to form a double window, the burden 
of this loading will be at the mullion and its continuation above 
and below the window proper. In this respect the structural 
window does not function too differently from the structural 
framing which surrounds the non-structural window, and it should 
perform accordingly. 
~LOADING 
The panel after assembly is complete, should comply to standards specified 
for solid panels. The panel width selected for the test should include any 
portions of the adjacent wall which are normally specified to give added 
support at the opening. 
Recommended design loads: 
500 lbs. per lineal foot of wall (roof load) 
Acceptable performance: 
Supporting the vertical load 
At 2:t times roof load: Sustaining the load and 
a maximum residual vertical shortening or lateral 
deflection of 40 per cent of the total deflection 
after removal of the load. 
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Jiiscussion~ 
From the definition of a structural window, it can be in!er~ed, 
that the ·structural window panel .should be capable of supporting 
axial loads. 
RACKING~ 
No requirements, excepting that any wall comprised of structural window 
panels and solid construction should have a minimum of eight feet of 
wall which meets the standard for racking. 
Discussion: 
Racking loads are primarily caused by the action of wind loads, on 
the sides or ends of houses which are transferred to and resisted by 
walls oriented perpendicularly to the walls receiving force. 
The Performance Standards of the Housing and Home Finance .Agency 
specify standard testing procedures which require that racking 
tests be made on a section of the wall to be evaluated which is 
8 feet long in the direction of the application of the load, and 
further specify that the load applied shall be 100 pounds per 
lineal foot of wall, or e. t.~tal of 800 pounds, with a deflection 
limitation of 1/8 incho (Anceptable performance also requires a 
load equal to 2-1/4 times this load--with a limitation of residual 
deflection not to exceed 25% of the maximum deflection). 
No specifications are made as to the per cent of solid wall required 
in a given wall of a house, but wall construction is generally approved 
where two diagonally braced sections of a minimum width of four feet, 
or equivalent racking resistance, are provided. 
CONCENTRATED LOADS 
and 
IMP ACT LQ!D....mQ 
Compliance not required for glazed portions of structural window panels. 
Solid portions of the panel should comply. (Where the solid portions of 
a window panel follow the construction pattern of acceptable surrounding 
solid wall construction, it would be assumed that the structural window 
panel meets the requirements for impact and concentrated loadsj 
Discussion: 
A rational examination of the functions of the window indicates 
that the glazed section of the window should not be expected to 
withstand concentrated or impact loads of the nature specified 
for wall panels. 
GENERAL 
Specimens to be evaluated should be composed of multiple units where such 
units are to be used in the house and the strength of such multiple assemblies 
is less than an individual unit. 
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Objective: 
REPORT 
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for 
ANDERSEN CORPORATION 
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COMMERCIAL TEST 
~ EQB PUBLICATION 
The object of the following series of tests and calculations was to obtain 
information to allow evaluation of the structural qualities of the Structural 
Window unit manufactured by the Andersen Corporation, Bayport, Minnesota. 
Acceptability of the structural window panel was based on comparison with 
PROPOSED DEFINITION AND PERFORMANCE 
STANDARDS FOR STRUCTURAL WINDOW UNITS 
prepared by Small Homes Council, University of Illinois, a copy of which is 
attached to this report. 
STRUCTURAL WINDOW EVALUATION 
PART I 
Stress Calculations fQ.t 
Critica1 Loadings 2! ~ 
Structur!! Window ~ 
Prepared by 
Rudard A. Jones, A.I.A. 
Research Professor of Architecture 
University of Illinois 
COMMERCIAL TEST 
!iQ! !.Q!l l,UBLICATION 
April, 1958 
Stress Calcu1ations ~ Critical Loadings 
~ ~ StructurAl Window Panel 
Certain stress calculations m~ be made to predict the performance or the 
structural window. 
LOADS 
-
A careful ~t\ldY of loads on houses is contained in HHFA Housing Research 
Paper #33 {1} 
Critical member loadings for walls are given as follows: 
Condition 1: Dead Load (wall and roof) plus snow load (roof) 
Permissible percent increase in allowable stress 15 
Condition 2: Dead Load (wall and roof) plus transverse wind load 
Permissible percent increase in allowable stress 33 
Suggested Live Loads 
Snow - 20 lbs. per sq. ft. horizontal projection 
Wind (on wall) 18 lbs. per sq. rt. vertical projection 
Estimated Dead Loads 
Roof and Ceiling Structure 15 lbs. per sq. ft. horizontal projectio11 
Wall 20 lbs. per sq. ft. 
BENDING CONDITIONS 
Greatest bending stress will occur in the mullion or the 4830 window as the 
point of greatest moment and least cross section coincide at the sill or the 
unit. Only two 1 x 4 members are available to resist the bending action. 
(!)Material and Labor Analysis House Framing Systems, Housing Research Paper #33, 
Housing and Home Finance Agenc,y. 
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Different 1/d ratios occur with the different windows. Highest stresses will 
occur with the greatest 1/d ratios. 
lLd Ratios 
1;830 Windoli§ 
a) plane of wall 
_l_ i ~ 8.9 = height of sash opening - --d mullion thickness 3.625 
b) perpendicular to wall 
..!.. = height of mullion stud - 21.0 - 25.1 -d mullion dimension 3.625 
4863 Window 
c) plane of wall 
1 
T -
height of fixed sash opening 
mullion thickness 
= ~ = 
3.625 
d) perpendicular to wall 
1 = height of mullion stud = _2l_ = 20.6 
T * 4.416 
* d increased according to tapered column rule to compensate for 
window frame. 
COMBINED LOADING CONDITIONS 
Examining the axial and bending loading conditions, it is apparent that the 
4830 window is most critical as maximum column stresses and maximum bending 
stresses will occur in this unit. 
-2-
Assume materials or following characteristics: 
fa = fiber stress in bending 1500 psi 
c = compression parallel to grain · 1000 psi 
E =modulus of elasticity 1,760,000 psi 
Cl = compression perpendicular to ~ain 390 psi 
Allowable stresses on columns are then l P = 
- . ~ 
~E (2) 
(lfd) 
Allowable P/A for 1/d of 8.9, 14.1, 20.6 = 1000 psi 
Allowable P/A for 1/d of 25.1 = 845 psi 
Permissible ino~ease in stresses for dead and snow = 15% 
Permissible increase in stresses for dead and wind = 33% 
Allowable stresses on columns under combined loads are then 
1/d = 8.9, 14.1, 20.6 
1/d = 25.1 
-
= 
dead & 
snow 
1150 psi 
972 psi 
dead & 
wind 
1333 psi 
1127 psi 
Characteristics of materials and allowable stresses are in accordance with 
~Structural Design~~ YQJ.. J., ~edition, and Supplement Number! 
thereto, published by the National Lumber Manufacturers Association. 
STRESS CALCULATIONS\ ·~ HJNDOY 
Assume 28 1 span truss roof house -
Then total loads on critical member would be: 
Roof - Dead Load 
Snow Load 
15 psf' x 4 x 14 = 840 lbs. 
20 psf x 4 x 14 =1120 lbs. 
Wall - Dead Load(( 2)) 
Wind Load 2 
20 pSf X 4 X 8 
18 psf X 4 X 8 
• 640 lbs. 
= 576 lbs. 
(2)These loads are slightly large as some of e~ch load would be 
carried directly to the floor. 
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Condition l 
P = Load 
Dead and Snow 
Snow 
Dead Roof 
Dead Wall 
1120 
840 
640 
2600 lbs. 
A = area of cross section = 4 x 25/32 x 3-5/8 = 11.3 sq. in. 
C = Stress = P/A = 2600 = 230 psi 
11.3 
allowable for 1/d of 25.1 = 972 psi OK. 
Condition ~ 
Axial 
P = Load 
Dead and Wind 
Dead Roof 
Dead Wall 
840 lbs. 
..2M2_ 
1480 1bs. 
A = area of cross section = 4 x 25/32 x 3-5/8 = 11.3 sq. in. 
C = stress = P/A = 1480/11.3 = 131 psi 
bending 
W = load 
L = span 
M = moment 
= 576 lbs. 
= 96 inches 
= WL/8 = 576 x 96 = 6912 in lbs. 
8 
S = section modulus = 3.42 in 3 
r = stress= H= 6912 = 2,210 psi 
s 3.42 
allowable ·check 
~ + ~ = or less than 1 
C fa 
Obviously, this condition is not satisfied and it would be advisable to use 
a material with an allowable fiber stress of 1900 psi. 
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April, 1958 
PURPOSE, MET~9DS, TESTING EQUIPMENT, SPECIMENS, RESULTS AND CONCLUSIONS 
Donald H. Percival 
March 28, 1958 
PURPOSE 
Transverse (wind load) and axial (roof load) loading tests were per-
formed on variati~ns of window wall $ections. The actual deflections from 
: ~ 
the specified loadihg were observed to enable a comparative analysis between 
conventionally framed openings and structural windows, numbers 4830 and 4863.* 
TEST PROCEDURES AND EQUIPMENT 
Test procedures were similar to those suggested by ASTM (1), except 
that 1) the panels were laid on roller bearings in a horizontal position 
on the floor, and 2) a variation in the deflection measuring devices was 
used--the necessary loading in each case was applied to achieve comparative 
results. Modifications in the set-ups were constructed and assembled for 
use on the structural testing facility at the Wood Research Laboratory, 
Purdue University. The test facility consists of a structural floor slab, 
steel brackets and a hydraulic system for applying loads to full-scale wood 
specimens (6). Each set-up is described and explained in detail in the 
description of the specific tests. 
TRAISVBRSB LOADING 
Wall Sections With Openings 
Since there are no universally accepted testing procedures or require-
*Andersen Window Company 
ments for window panels or sections of walls with windows, several variations 
of the ASTM Specifications for solid wall testing were employed. The 
double window openings were 8 feet high and 8 feet wide, (rather than the 
usual 4' x 8' test specimen). A 2 x 4 stud was nailed to each vertical 
side of the described panels. These additional studs were to simulate the 
adjoining studs in a normal window framing opening. All of the panels were 
covered with exterior sheathing and interior wallboard; however, an exterior 
finish material was not applied. An impartial selection of siding was 
difficult due to the great variation of materials on the market. 
Test Set-Up 
The 8 x 8 wall sections were placed tn a horizontal position simply 
supported on each end on rollers. The loads were applied by means of 
hydraulic cylinders, and the amounts of loads were determined by precalibrated 
electrical resistance strain gauges which were attached to the ram of the 
cylinders. The process of loading conformed to ASTM Specifications, that is, 
a load was applied and released with the residual deflection readings 
observed. The panels were not loaded to destruction but they were, however, 
loaded as specified in HHFA Performance Standards (2) pertaining to transverse 
loads for solid wall panels. The acceptable s~andards follow: 
SUGGESTED PERFORMANCE STANDARDS FOR TRANSVERSE LOADING 
OF WALL SECTIONS WITH OPENINGS 
Recommended design loads: 
15 psf wind load applied transversely. 
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Acceptable performan~es: 
At desi.gn loads, maximum deflection for plaster: 1 
" 360 
At design loads, maximum deflection for dry wall: 1 .. 
240 
At 2! times desig~ load: Sustaining the load and 
a maximum residual displacement of 25 per cent 
after removal of the load. 
Results of the 10 sections subjected to transverse loads appear in 
Table 1. 
AXIAL LOADING 
Wall Sections With Openings 
The various wall sections with openings used for the axial tests were 
the same sections used for the transverse load tests. Each section was 
placed in a horizontal position supported on the floor with roller bearings. 
The load was applied to the top plate 1/3 of the distance from the interior 
surface of the panel simulating an eccentrically applied load. The hydraulic 
system with cylinders supplied the axial load force. The panels were not 
loaded to failure. They were, however, loaded in accordance with the 
following specifications: (2) 
SUGGESTED PERFORMANCE STANDARDS FOR AXIAL LOADING 
OF WALL SECTIONS WITH OPENINGS 
Recommended design loads: 
500 per lineal of wall (roof load) 
Acceptable performance: 
Supporting tbe vertical load. 
At 2! times roof load: Sustaining the load and 
- 3 -
a maximum residual vertical shortening or 
lateral defle,ction of 40 per cent after 
removal of the load. 
The results of the 10 sections subjected to axial loading may be seen 
in Table 2. An additional me~surement, lateral deflection, during axial 
loading au't be observed. This is the bowing of the panel as a result of 
I . 
the eccentric axial load. For acceptable performance, the deflection in both 
of these tests must not exceeq 40 per cent residual set when 2! times design 
_!' 
load has been applied and rel~ased. The results of the lateral deflection 
from axial loading for the 10 sections may be seen in Table 3. 
CONSTRUCTION 
There were two different groups of sections considered. One group, 
8 feet in height and 8 feet in width, with an additional 2 x 4 stud nailed 
to each side, differed from the second group in that the width of the second 
group was reduced to 4 feet. The smaller sections also had the 2 x 4 studs 
nailed to the vertical side members. 
Within each group, the framing and headers of the individual sections 
were varied. The headers in certain sections were conventionally framed; a 
double 2 x 6 with a double 2 x 4 top plate. The headers for the rem~ining 
sections were double 2 x 6 members, spaced with 3/8" plywood. These headers 
were fastened et the top to a 2 x 4 panel plate with 7" lag screws and nails. 
{Small Homes Council Wall Panel Framing System.) 
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Figures 1 and 2 show the framing system of the conventionally framed 
wall sections with window openings. Figures 3 and 4 show the framing system 
of the panelized construction with the double 2 x 6 header fastened to the 
panels with lag screws. Structural window number 4830 is installed in these 
panels. Figures 5 and 6 show the same panelized framing syste~ but with 
window number 4863. Figures 7 and 8 show the 4830 window with conventional 
header. Figures 9 and 10 show the 4863 window with the conventional heacter 
as just described. 
MATERIALS 
The materials forming the framework consisted of Douglas Fir 2 x 4, 
2 x 6 and 2 x 12, mixed grades. (5) These eleqents were assembled according 
to recommended nailing procedures. Two different structural windows (4830, 
4863) were assembled in the various framing systems. Exterior covering of 
the sections consisted of 25/32" insulation board. The interior covering 
was i" gypsum board. Each of these coverings was atta~ed as recommended 
by the specific manufacturers. (4) (7) 
DESCRIPTION OF PANELS AND TESTS APPLIED 
Two different window opening heights were included in the tests as 
each of selected heights represented critical conditions. 
In the test with the 4830 windows, maximum bending occurs immediately 
below the sill of the window where the only continuous piece of the structural 
window frame is a 1 x 4. 
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The tests of the 4863 window represents the most critical condition 
for axial loading as the laterally unsupported leng~b of the mullion 
section is greatest. 
Sl16cililea Mo. 1 
A conventionally framed wall section with opening was fabricated to 
be used in the comparative analysis with the panelized structural windows~ 
This commonly accepted section was framed with 2 x 4 stu:ls, 16" o.c. A 
double 2 x 12 header was placed over the opening. A double 2 x 4 top plate 
was nailed to the header as recommended. A 2 x 4 stud was nailed to each 
cripple simulating the adjoining stud in a structure, Figures 11 and 12. 
The results of this section in transverse loading may be seen in Graph No. 1. 
The results of axial loading in Graph 11 and the results of the lateral 
deflection in Graph No. 21. 
Specimen No. 2 
Specimen number two consisted of two structural windows, (4830), 
assembled into a test specimen with a double 2 x 6 header. Two 7" lag 
screws fastened t ·he double header to the top panel plates. Similarly, a 
2 x 4 stud was nailed to each vertical outside edge of the structural 
window panels, Figures 13, 14. The results of this section in transverse 
loading may be seen in Graph No. 2; the results of axial loading jn Graph 
No. 12, and the results of the lateral deflection from axial loading in 
Graph No. 22. 
Specimen No. 3 
Specimen number three consisted of two structural windows, (4863), 
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assembled into a test specimen with the panelized framing system:utilizing 
the double 2 x 6 header fastened to the top 2 x 4 panel plates with two 
7" lag screws. As before, a 2 x 4 stud was na.iled to each outside vertical 
edge of the structural window panel. Figures 15, 16. The results of this 
specimen in transverse loading may be seen in Graph No. 3; the results of 
axial loading in Graph No. 13; and the .~results of the lateral deflection 
from axial loading in Graph No. 23. 
Specimen No. 4 
Specimen number four consisted of two structural windows (4830 reused 
from specimen number 2). These were assembled into a test specimen with 
a conventional double 2 x 6 header over the windows and with the double 
2 x 4 top plates nailed to the header. A 2 x 4 stud was nailed to each 
outside vertical edge of the structural window panels. The results of this 
section in transverse loading may be seen in Graph No. 4; the results of 
axial loading in Graph No. 14, and the results of the lateral deflection 
from axial loading in Graph No. 24. 
Specimen No. 5 
Specimen number five consisted of two structural windows (4863 reused 
from specimen number two). These were assemb~ into a test specimen with a 
conventional double 2 x 6 header over the windows and with 2 x 4 top plates 
nailed to the header. As before, a 2 x 4 stud was nailed to each outside 
vertical edge of the structural window panels, Figure 17. The results of 
this section in transverse loading may be seen in Graph No. 5; the results 
of axial loading in Graph No. 15, and the results of the lateral deflection 
from actual loading in Graph No. 25. 
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Fig. 11 8 x 8 Conventional Section 
Pig. 13 Panelized Construction. 
Structural Window 4830 
Fig. 15 8 x 8 Panelized Construction. 
Structural Window 4863 
Fig. 12 Failure in Conventional Section 
from Extreme Loading 
Fig. 14 Section Ready for Axial Loading 
Fig. 16 Test Specimen Under Transverse 
Loading 
Specimen No. 6 
Specimen number ·six was a c~nventional wall section with window 
opening section fabricated to be used for the comparative analysis with 
the panelized structural windows. This specimen differed from the previous 
five in that its dimensions were 4 x 8. It was framed with 2 x 4 studs 
16" o.c. A conventional double 2 x 6 header was placed over tne opening 
and a double 2 x 4 top plate was nailed to the header as recommended. A 
2 x 4 stud was nailed to each cripple. The results of this section in 
transverse loading may be seen in Graph No. 6; the results of axial loading 
in Graph No. 16, and the results of the lateral deflection from axial 
loading in Graph No. 26. 
Specimen No. 7 
Specimen number seven consisted of one structural windo~ (4830), 
assembled into a test specimen with a double 2 x 6 header as used in wall 
• 
panel framing systems. A 7" lag screw fastened the double header to the 
top panel plate. A 2 x 4 stud was nailed to each vertical edge of the struc-
tural window panels. Fi-gure 18. The results of this section in transverse 
loading may be seen in Graph No. 7; the results of axial loading in Graph 
· No. 17. and the results of the lateral deflection from axial loading in 
Graph No. 27. 
Specimen No. 8 
Specimen number eight consisted of one structural window, (4863), 
assembled into a test- specimen with a double 2 x 6 header as used in panel-
ized framing systems. A 7" lag screw fastened the double header to the top 
panel plate. A 2 x 4 stud was nailed to each outside vertical edge of the 
structural window panel, Figure 19. The results of this section in transverse 
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Fig. 17 Double Window 4863 
Ready for Transverse Test 
Fig. 19 Window 4863 Ready for 
Axial Loading 
Fig. 18 4 x 8 Specimen Ready for 
Axial Loading 
Fig. 20 Transverse Loading Set-Up 
loading may be seen in Graph No. 8; the results of axial loading in 
Graph No. 18, and the results of : the lateral deflection from axiai lbading 
in Graph No. 28. 
Specimen No. 9 
Specimen number nine consisted of one structural wi~dow, (4830), 
assembled into a test specimen with a conventional double 2 x 6 header over 
the window, and the conventional double 2 x 4 top plates nailed to the 
header. A 2 x 4 stud was nailed to each outside vertical edge of the 
structural window panel. The results of this section in transverse loading 
may be seen in Graph No. 9; the results of axial loading in Graph No. 19, 
and the results of lateral deflection from axial loading in Graph No. 29. 
Specimen No. 10 
Specimen number ten consisted of one structural window, (4863). This 
window was assembled into a test specimen with a conventional double 2 x 6 
header over the window and the conventional double 2 x 4 top plate. nailed 
to the header. As before, a 2 x 4 stud was nailed to each outside vertical 
edge of the structural window panel. The results of this section in trans-
verse loading may be seen in Graph No. 10; the results of axial loading in 
Graph No. 20, and the results of the lateral deflection from axial loading 
in Graph No. 30. 
RESULTS 
Each of the specimens subjected to the aforementioned transverse loading 
and axial loading tests, was reported inthe form of deflection curves. The 
hori~ontal ordinate of each graph records the deflection in inch measurements. 
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The vertical ordinate records the various loads applied; pounds per square 
foot for transverse loading and pounds per lineal foot for axial loading. 
Design loads for transverse tests are 15 pounds per square foot. 
Allowable deflection at ·the center of each specimen side must average 
0.250 inches or less for plaster ( 
' . 
L 
360 
) and 0.375 inches ( L 
240 
) for dry 
wall interior finish (2). The symbol~ notes the location of the allowable 
deflection for plaster and the symbol+notes the location for allowable de-
flection for dry wall finish. The heavy curve on the graph connects the 
points of deflection for each of the specified loads. The points are 
designated by the larger heavy dots. The lighter eurve connects the points 
resulting from residual set in the specimen. These points are designated 
by encircled dots. 
The graphs of the specimens are arranged in the following order: 
Transverse loading, Graph No. 1 through Graph No. 10. 
Axial loading, Graph No. 11 through Graph No. 20, and 
lateral deflection from axial loading, Graph No. 21 
through Graph No. 30. 
From the graphs described above, three tables were derived giving the 
graph number from which they were taken, the size of the sections, the type 
of window or opening, and the performance characteristic. Table 1 is the 
transverse test results of both the large and the small sections. Table 2 
is the axial load test results, and Table 3 is the lateral deflection, from 
axial loading, of all of the sections subjected to the loading. 
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Table 1. TPANSVERSE LOADING 
GRAPH SPECIMEN SI~1! FRAMING SYSTEM DEFLECTION AT DESIGN LOAD 
(ft.) 
No. 1 8x8 Conventional Framing. ~ exceeds L and~ 
No Window Frame 36o 240 
No. 2 8x8 Panelized - Double ll exceeds . L • Does not exceed~ • 
Window - 4830 36o 240 
No. 3 8x8 Panelized - Double ~ does not exceed 2!.... or_.!:!_ 
Window - 4863 360 240 
No. 4 8x8 Conventional Header. ~ does not exceed __.!!... or~ 
Double Window - 4830 360 240 
No. 5 8x8 Conventional Header. ~ does not exceed ~ or __.!!... 
Double Window - 4863 360 240 
No. 6 4x8 Conventional Framing. 6 does not exceed _.!!__ or .-!!... 
No Window Frame 360 240 
No. 7 4x8 Panelized - Single 6. does not exceed _h.. or _.!!... 
Window - 4830 360 240 
No. 8 4x8 Panelized - Single 6 does not exceed_!_ or_.!:.. 
Window - 4863 360 240 
No. 9 4x8 Conventional Header. 6 does not exceed....!!_ or~ 
Single Window - 4830 360 240 
No. 10 4x8 Conventional Header. 6 does not exceed~ or...!!... 
Single Window - 4863 360 240 
Table 2. AXIAL I ... ':>ADING 
GRAPH SPECIMEN SIZE FRAMING SYSTEM RESIDUAL DEFLECTION 
(ft.) At 2 1/4 Design Load 
No. 11 8x8 Conventional Framing. 7% residual 6 
No Window Frame 
No. 12 8x8 Paneljzed- Double 20% residual A 
Window - 4830 
No. 13 8x8 Panelized - Double 25% residual ll 
Window - 4863 
No. 14 8x8 Conventional Header. 12% residual 6 
Double Window - 4830 
No. 15 8x8 Conventional Header. 27% residual A 
Double Window - 4863 
No. 16 4x8 Conventional Framing. 21% residual 6 
No Wi n:!o·.v Frame 
No. 17 4x8 Panelized - Single 23% residual 6 
Window - 4830 
No. 18 4x8 Panelized - Single 22% residual 6 
Window - 4863 
No. 19 4x8 Conventional Header. 16% residual 6 
Single Window - 4830 
No. 20 4x8 Conventional Header. 13% residual A 
Single Window - 4863 
Table 3. LATERAL DEY.uECTION - Axial Loading 
GRAPH SPECIMEN SIZE FRAMING SYSTEM RESIDUAL LATERAL DEFLECTION 
(ft.) At 2 1/4 Design Load 
No. 21 8x8 Conventional Framing. 12% residual l:l 
No.Window Frame 
No. 22 8x8 Panelized - Double 12% residual 6. 
Window - 4830 
No. 23 8x8 Panelized - Double 10% residual 6. 
WinC:ow - 4863 
No. 24 8x8 Conventional Header. 6% residual ll 
Double Window - 4863 
No. 25 8x8 Conventional Header. 18% residual 1:::. 
Double Window - 4830 
No. 26 4x8 Conventional Framing. 15% residual 6. 
No Window Frame 
No. 27 4x8 Panelized - Single 10% residual 6 
Window - 4830 
No. 28 4x8 Panelized - Single 18% residual 6. 
Window - 4863 
No. 29 4x8 Conventional Header. 10% residual A 
Single Window - 4830 
No. 30 4x8 Conventional Header. 10% residual 6. 
Single Window - 4863 
CONCLUSIONS 
1. Shipping and packaging: Three of the six stru.ctural windows were 
damaged during shipment. One of the windows, 4830, was damaged as a 
result of a racking blow. The 1 x 4's along one edge were separated. 
Two of the 4863 windows were broken. The window sash were detached 
from the frame and the glass had been removed' in Chicago. There was 
no evidence on the crating material that punctures of any kind had 
been made. Damage was obviously a result of dropping the package. 
2. A poor glue bond was observed before testing in each of the panel sides. 
Inadequate nail pressure and the observance of a starved glue line 
undoubtedly suggested the cause for the separation of the l . ..:x 4 's. 
No glue line failure was observed, however, between the 1 x 4's and 
the window framing. 
3. The 1 x 4 side plates were of an inferior grade unsuitable for such 
a structural component. Occasionally, when nailing studs to the 
window frame, splitting of the 1 x 4's occurred as a result of the 
nails driven near the knots. 
4. It is recommended that window framing material exposed to outside 
elements be preservative treated. The six panels used in the present 
study were observed to have bad no preservative treatment. 
5. To be a complete study according to ASTM Specifications, a minimum 
of three panels of identical nature should be subjected to each of 
the separate tests. The present series of tests must be considered a 
pilot study and in no way should be extended even as a statistical 
representation. 
6. All of the structural windo~ assemblies passed the suggested per-
formance standards for wall .· sections with window openings with one 
exception. Specimen number two (double window 4830) exceeded the 
allowable deflection limit ·for plaster under transverse load. It 
was acceptable for dry wall. 
This failure in stiffness may possibly be attributed to the extremely 
poor quality of the 1 x 4 side plate, and points up the necessity 
for care in selection of the material for this piece. It would seem 
advisable to use clear vertical-grain douglas fir or its equivalent 
for this side plate member. It should also be pointed out t~at it is 
necessary to test a minimum of three specimens of each type in order 
to obtain a representative result. 
7. The 8' x 8' wall section with a conventionally framed window opening 
failed to pass the suggested standards for deflection at design load 
under transverse bending. Obviously, some additional strength would be 
gained if a non-structural window had been installed in the opening. 
8. All of the structural window assemblies exceeded the performance of 
the comparative wall panels with conventionally framed windows. It 
should be pointed out, however, that no window frame of any type was 
installed in the opening and, therefore, the stiffening of such framing 
was lost. 
9. All the described specimens were tested for axial loading with favorable 
results compared to the suggested standards. None of the sections tested 
in axial loading exceeded the 40 per cent maximum allowable residual 
deflection, and none of the sections tested for lateral deflection 
exceeded the 40 per cent maximum allowable residual deflection. 
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PROPOSED DEFINITION AND PERFORMANCE STANDAimS 
fOR 
STRUCTURAL WINDO\.JS 
PROPOSED DEFINITION: STRUCTURAL WINDOW 
A totally or partially preassembled section of an exterior wall which, when 
finally assembled in the wall, is to carry its fair share of structural 
loads, and which is composed in whole or in part of a glazed area which is 
to perform the function of a normal wih.dow. 
PROPOSED fERFcmiANCE 2r..ANDARD§ E.QB ~TRUCTURAL WINDOWS 
Performance requirements for structural windows have not been standardized 
and, therefore, it is necessar,y to establish such requirements in order to 
evaluate any given structural window. 
If the above definition is accepted, th.e use of the term "structural window" 
implies that the unit is load carrying. Logic indicates that, for the most 
part, the structural window frame should be able to f'unction structurally 
equal to the wall unit it replaces. The tests and methods prescribed in 
1. HHFA Performance Standards - Structural and Insulation Requirements for 
Houses, Technical Office, Housing and Home Finance Agency, Washington, D. C'$ 
and 
2. Standard Methods of Conducting Strength Tests of Panels for Building 
Construction, American Society for Testing Materials, AS'IM Designation 
E72-55, 1916 Race Street, Philadelphia, Pennsylvania, 
should form the basis for establishing suggested performance standards for 
structural windows and/or wall sections with openings. 
Comments concerning each or the prescribed tests follow: 
TRANSVERSE (BENDmgl LOADING 
The panel, after assembly is complete,* should comply to standards specified 
for solid panels, but the specimen should be loaded in such a manner that 
any load that would fall on the glass or opening is transferred to an adjacent 
part of the panel. The panel width selected for test should include any portions 
of the adjacent wall which are nor~ally specified to give added support at the 
opening. 
*including installation of exterior and interior finish ma~erials necessar.y 
to complete the wall, if these materials are not included as part or the 
structural window unit as manufactured. 
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~eeommendeq design loads: 
1~ p~f wind load applied transversely. 
Acceptable performances: 
At design loads, maximum deflection for plaster: _l_ of span 
360 
At design loads, maximum deflection for dry wall: _L or span 
240 
At 2f times design load: ~ustaining the load ~d 
a maximum residual displacement or 25 per cent or 
the total deflection after removal of the load. 
Discussion: 
The transverse loading of walls is caused primarily by wind. 
The most severe test of the structural window will occur when 
the window glass remains intact and transfers the entire load 
applied against the window to its structural frame. 
If the glass of a window panel remains intact under the 
application of wind loads, the load will be transferred to 
the structural members of the panel. In the usual case, a 
heavy stress will be carried by the side members or the frame~ 
Where two panels are joined to form a double window, the burden 
of this loading will be at the mullion and its continuation above 
and below the window proper. In this respect the structural 
window does not function too differently from the structural 
framing which surrounds the non-structural window, and it should 
perform accordingly. 
AXIAL LOADING 
The panel after assembly is complete, should comply to standards specified 
for solid panels. The panel width selected for the test should include any 
portions of the adjacent wall which are n9rmally specified to give added 
support at the opening. , 
Recommended design loads: 
500 lbs. per lineal foot of wall (roof load) 
Acceptable performance: 
Supporting the vertical load 
At 2f times roof load: Sustaining the load and 
a maximum residual vertical shortening or lateral 
deflection of 40 per cent or the total deflection 
after removal of the load. 
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&iscussion~ 
From the definition of a structural window, it yan be inferred, 
that the structural window panel should be capable of supporting 
axial loads. 
RACKING LOADS 
No requirements, excepting that any wall comprised of structural window 
panels and solid construction should have a minimum of eight feet ot 
wall Which meets the standard for racking. 
Discussion: 
Racking loads are primarily caused by the action of wind loads, on 
the sides or ends of houses which are transferred to 8nd resisted by 
walls oriented perpendicularly to the walls receiving roree. 
The Performance Standards of the Housing and Home Finance Agency 
specify standard testing procedures which require that racking 
tests be made on a section of the wall to be evaluated which is 
8 feet long in the direction of the application of the load, and 
further specify that the load applied shall be 100 pounds per 
lineal foot of wall, or a total of 800 pounds, with a deflection 
limitation of 1/8 incho (Acceptable performance also requires a 
load equal to 2-1/4 times this load--with a limitation of residual 
deflection not to exceed 25% of the maximum deflection). · 
No specifications are made as to the per cent of solid wall required 
in a given wall of a house, but wall construction is generally approved 
where two diagonally braced sections of a minimum width of four feet, 
or equivalent racking resistance, are provided. 
CONCENTRATED LOADS 
and 
IMPACT ~.....mQ 
Compliance not required for glazed portions of structural window panels. 
Solid portions of the panel should comply. (Where the solid portions of 
a window panel follow the construction pattern of acceptable surrounding 
solid wall construction, it would be assumed that the structural window 
panel meets the requirements for impact and concentrated load&) 
Discussion: 
A rational examination of the functions of the window indicates 
that the glazed section of the window should not be expected to 
withstand concentrated or impact loads of the nature specified 
for wall panels. 
Specimens to be evaluated should be composed of multiple units where such 
units are to be used in the house and the strength of such multiple assemblies 
is less than an individual unit. 
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Objective: 
REP ORr 
COMMERCIAL TEST 
STRUCTURAL WINDOW EVALUATION 
Prepared by 
Rudard A. Jones, A.I.A. 
Donald H. Percival 
Wood Technologist 
for 
ANDERSEN CORPORATION 
Bayport, Minnesota 
CtHviERCIAL TEST 
HOT FOR PUBLICATION 
--
The object or the following series of tests and calculations was to obtain 
information to allow evaluation of the structural qualities of the Structural 
Window unit manufaetured by the Andersen Corporation, Bayport, Minnesota. 
Acceptability of the structural window panel was based on comparison with 
PROPOSED DEFINITION AND PERFORMANCE 
STANDARDS FOR STRUCTURAL WINDOW UNITS 
prepared by Small Homes Council, University of nlinois, a copy of which is 
attached to this report. 
STRUCTURAL WINDOW EVALUATION 
PART I 
Stress Calculation§ ~ 
Qritica1 Loa4ings g! ~ 
Structural Window Panel 
Prepared by 
Rudard A. Jones, A.I.A. 
Research Professor of Architecture 
University of Illinois 
COMMERCIAL TEST 
HQ! EQR PUBLICATION 
April, 1958 
Stress Calgulat;ons fot Critical Loadings 
g! the Structurfy. 't-1indow Panel 
Certain stress calculations may be made to predict the performance or the 
structural window. 
A careful ~t\].dy or loads on houses is contained in HHFA Housing Research 
Paper #33 \lJ . 
Critical member loadings for walls are given as follows: 
Condition lt Dead Load (wall and roof) plus snow load (roof) 
Permissible percent increase in allowable stress 15 
Condition 2: Dead Load (wall and roof) plus transverse wind load 
Permissible perce~t increase in allowable stress 33 
Suggested Live Loads 
Snow - 20 lbs. per sq. ft. horizontal projection 
Wind (on wall) 18 lbs. per sq. ft. vertical projection 
Estimated Dead Loads 
Roof and Ceiling Structure 
Wall 
BENDING CONDITIONS 
15 lbs. per sq. rt. horizontal projection 
20 lbs. per sq. ft. 
Greatest bending stress will occur in the mullion of the 4830 window as the 
point o£ greatest moment and least cross section coincide at the sill of the 
unit. Only two 1 x 4 members are available to resist the bending action. 
(l)Material and Labor Analysis House Framing Systems, Housing Research Paper #33, 
Housing and Home Finance Agency. 
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AXIAL LOADING CONDITIONS 
Different ~d ratios occur with the different windows. Highest stresses Will 
occur with the greatest 1/d ratios. 
1/d Ratios 
it.8JO Windol§ 
a) plane or wall 
_l_ = height or sash opening = ~ = 8.9 
d mullion thickness 3.625 
b) perpendicular to wall 
1 
d --
4863 Windoy 
height of mullion stud = 
mullion dimension 
c) plane of wall 
91.0 
3•625 
= 25.1 
1 = d height of fixed sash opening = ~.6255 mullion thickness ~ = 14.1 
d) perpendicular to wall 
_!_ : height of Wlllion stud : _21__ : 20.6 
d * 4-416 
* d increased according to tapered column rule to compensate for 
window frame. 
COMBINED LOADING CONDITIONS 
Examining the axial and bending loading condi tiona, it is apparent that the 
4830 window is most critical as maximum column stresses and maximum bending 
stresses will occur in this unit. 
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Assume materials of following characteristics: 
fa = fiber stress in bending 1500 psi 
c = compression parallel to grain 1000 psi 
E =modulus of elasticity 1,760,000 psi 
Cl = compression perpendicular to grain 390 psi 
Allowable stresses on columns are then _E_ = 
A 
~ (2) 
(l,d) 
Allowable P/A for 1/d of 8.9, 14.1, 20.6 = 1000 psi 
Allowable P/A for 1/d of 25.1 = 845 psi 
Permissible increase in stresses for dead and snow = 15% 
Permissible increase in stresses for dead and wind = 33% 
Allowable stresses on columns under combined loads are then 
1/d = 8.9, 14.1, 20.6 
1/d = 25.1 
-
-
= 
dead & 
snow 
ll50 psi 
972 psi 
dead & 
wind 
1333 psi 
1127 psi 
Characteristics of materials and allowable stresses are in accordance with 
~ Structural Design ~~ !2!,. l,, :Yl!!:S edition, and Supplement· Number l. 
thereto, published by the National Lumber Manufacturers Association. 
STRESS CALCULATIONS -~ ·HlNDOW 
Assume 28 1 span truss roof house -
Then total loads on critical member would be: 
Roof - Dead Load 
Snow Load 
15 psf x 4 x 14 = 840 lbs. 
20 psf x 4 x 14 = 1120 lbs. 
Wall - Dead Load((~)) 
Wind Load 
20 psf X 4 X 8 
18 psf X 4 X 8 
• 640 lbs. 
= 576 lbs. 
{2)These ioads are slightly large as some of each load would be 
carried directly to the floor. 
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Condition ! 
P = Load 
Dead and Snow 
Snow 
Dead Roof 
Dead Wall 
1120 
840 
640 
2600 lbs. 
A = area of cross section = 4 x 25/32 x 3-5/8 = 11.3 sq. in. 
C = Stress= P/A= ~ = 230 psi 
11.3 
allowable for 1/d of 25.1 = 972 psi 
Condition ~ 
Axial 
P = Load 
Dead and Wind 
Dead Roof 
Dead Wall 
840 lbs. 
~ 
1480 lbs. 
OK. 
A = area of cross section = 4 x 25/32 x 3-5/8 = 11.3 sq. in. 
C = stress = P/A = 1480/11.3 = 131 psi 
bending 
W = load 
L = span 
M = moment 
= 576 1bs. 
= 96 inches 
= WL/8 = 5?6 x q6 = 6912 in lbs. 
8 
S = section modulus = 3.42 in 3 
f = stress= H= ~ = 2,210 psi 
s 3.42 
allowable~ 
JiL + ~ ·= or less than 1 
C fa 
Obviously, this condition is not satisfied and it would be advisable to use 
a material with an allowable fiber stress of 1900 psi. 
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Prepared by 
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CC)f.ERCI~ TEST 
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April, 1958 
STRt'trtffiAL ~lSTS 
PURPOSE, METHODs-:~ TESTING EQUIPMENT, SPECIMENS, RESULTS AND CONCLUSIONS 
Donald H. Percival 
March 28, 1958 
PURPOSE 
Transverse (wind load) and axial (roof load) loading tests were per-
formed on variations of window wall sections. The actual deflections from 
the specified loading were observed to enable a comparative analysis between 
conventionally framed openings and structural windows, numbers 4830 and 4863.* 
TEST PROCEDURES AND EQUIPMENT 
Test procedures were similar to those suggested by ASTM (1), except 
that 1) the panels were laid on roller bearings in a horizontal position 
on the floor, and 2) a variation in the deflection measuring devices was 
used--the necessary loading in each case was applied to achieve comparative 
results. Modifications in the set-up~ were c nstructed and assembled for 
use on the structural testing facility at the Wood Research Laboratory, 
Purdue University. The test facility consists of a structural floor slab, 
steel brackets and a hydraulic system for applying loads to full-scale wood 
specimens (6). Each set-up is described and explained in detail in the 
description of the specific tests. 
TRABSVBRSE LOADING 
Wall Sections With Openings 
Since there are no universally accepted testing procedures or require-
*Andersen Window Company 
ments for window panels or sections of walls with windows, several variations 
of the ASTM Specifications for solid wall testing were employed. The 
double window openings were 8 feet high and 8 feet wide, (rather than the 
usual 4' x 8' test specimen). A 2 x 4 stud was nailed to each vertical 
side of the described panels. These additional studs were to simulate the 
adjoining studs in a normal window framing opening. All of the panels were 
covered with exterior sheathing and interior wallboard; however, an exterior 
finish material was not applied. An impartial selection of siding was 
difficult due to the great variation of materials on the market. 
Test Set-Up 
The 8 x 8 wall sections were placed in a horizontal position simply 
supported on each end on rollers. The loads were applied by means of 
hydraulic cylinders, and the amounts of loads were determined by precalibrated 
electrical resistance strain gauges which were attached to the ram of the 
cylinders. The process of loading conformed to ASTM Specifications, that is, 
a load was applied and released with the residual deflection readings 
observed. The panels were not loaded to destruction but they were, however, 
loaded as specified in BHFA Performance Standards (2) pertaining to transverse 
loads for solid wall panels. The acceptable s~andards follow: 
SUGGESTED PERFORMANCE STANU\RDS FOR TRANSVERSE LOADING 
OF WALL SECTIONS WITH OPENINGS 
Recommended design loads: 
15 psf wind load applied transversely. 
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Acceptable performances: 
At design loads, maximum deflection for plaster: 1 " 
36o 
At design loads, maximum deflection for dry wall: ....!....." 
240 
At 2t times design load: Sustaining the load and 
a maximum residual displacement of 25 per cent 
after removal of the load. 
Results of the 10 sections subjected to transverse loads appear in 
Table 1. 
AXIAL LOADING 
Wall Sections With Openings 
The various wall sections with openings used for the axial tests were 
the same sections used for the transverse load tests. Each section was 
placed in a horizontal position supported on the floor with roller bearings. 
The load was applied to the top plate 1/3 of the distance from the interior 
surface of the panel simulating an eccentrically applied load. The hydraulic 
system with cylinders supplied the axial load force. The panels were not 
loaded to failure. They were, however, loaded in accordance with the 
following specifications: (2) 
SUGGESTED PERFORMANCE STANDARDS FOR AXIAL LOADING 
OF WALL SECTIONS WITH OPENINGS 
Recommended design loads: 
500 per lineal of wall (roof load) 
Acceptable performance: 
Supporting the vertical load. 
At 2! times roof load: Sustaining the load and 
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a maximum residual vertical shortening or 
lateral deflection of 40 per cent after 
removal of the load. 
The results of the 10 sections subjected to axial loading may be seen 
in Table 2. An additional mea$urement, lateral deflection, during axial 
loading •ust be observed. Thi~ is the bowing of the panel as a result of 
the eccentric axial load. For acceptable performance, the deflection in both 
of these tests must not exceed 40 per cent residual set when 2! times design 
load has been appli.ed and released. The results of the lateral deflection 
from axial loading for the 10 sections may be seen in Table 3. 
CONSTRUCTION 
There were two different groups of sections considered. One group, 
8 feet in height and 8 feet in width, with an additional 2 x 4 stud nailed 
to each side, differed from the second group in that the width of the second 
group was reduced to 4 feet. The smaller sections also had the 2 x 4 studs 
nailed to the vertical side members~ 
I 
Within each group, the framing and headers of the individual sections 
were varied. The headers in certain sections were conventionally framed; a 
double 2 x 6 with a double 2 x 4 top plate. The headers for the rem~ining 
sections were double 2 x 6 members, spaced with 3/8" plywood. These headers 
were fastened et the top to a 2 x 4 panel plate with 7'' lag screws and nails. 
(Small Homes Council Wall Panel Framing System~) 
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Figures 1 and 2 show the framing system of the conventionally framed 
wall sections with window openings. Figures 3 and 4 show the framing system 
of the panelized construction with the double 2 x 6 header fastened to the 
panels with lag screws. Structural window number 4830 is installed in these 
panels. Figures 5 and 6 show the same panelized framing syste~ but with 
window number 4863. Figures 7 and 8 show the 4830 window with conventional 
header. Figures 9 and 10 show the 4e63 window with the conventional header 
as just described. 
MATERIALS 
The materials forming the framework consisted of Douglas Fir 2 x 4, 
2 x 6 and 2 x 12, mixed grades. (5) These eleqents were assembled according 
to recommended nailing procedures. Two different structural windows (4830, 
4863) were assembled in the various framing systems. Exterior covering of 
the sections consisted of 25/32" insulation board. The interior covering 
was t" gypsum board. Each of these coverings was attached as recommended 
by the specific manufacturers. (4) (7) 
DESCRIPTION OF PANELS AND TESTS APPLIED 
Two different window opening heights were included in the tests as 
each of selected heights represented critical conditions. 
In the test with the 4830 windows, maximum bending occurs immediately 
below the sill of the window where the only continuous piece of the structural 
window frame is a 1 x 4. 
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The tests of the 4863 window represents the most critical condition 
for axial loading as the laterally qnsupported length of the ~ullion 
section is greatest. 
spe.ciliteu xo . 1 
A conventionally framed wall section with opening was fabricated to 
be used in the comparative analysis with the panelized structural windows. 
This commonly accepted section was framed with 2 x 4 studs, 16" o.c. A 
double 2 x 12 header was placed over the opening. A double 2 x 4 top plate 
was nailed to the header as recommended. A 2 x 4 stud was nailed to each 
cripple simulating the adjoining stud in a structure, Figures 11 and 12. 
The results of this section in transverse loading may be seen in Graph No. 1. 
The results of axial loading in Graph 11 and the results of the lateral 
deflection in Graph No. 21. 
Specimen No. 2 
Specimen number two consisted of two structural windows, (4830), 
assembled into a test specimen with a double 2 x 6 header. Two 7" lag 
screws fastened the double header to the top panel plates. Similarly, a 
2 x 4 stud was nailed to each vertical outside edge of the structural 
window panels, Figures 13, 14. The results of this section in transverse 
loading may be seen in Graph No. 2; the results of axial loading in Graph 
No. 12, and the results of the lateral deflection from axial loading in 
Graph No. 22. 
Specimen No. 3 
Specimen number three consisted of two structural windows, (4863), 
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assembled into a test specimen with the panelized framing system :utilizing 
the double 2 x 6 header fastened to the top 2 x 4 panel plates with two 
7" lag screws. As before, a 2 x 4 stud was nailed to each outside vertical 
edge of the structural window panel. Figures 15, 16. The results of this 
specimen in transverse loading may be seen in Graph No. 3; the results of 
axial loading in Graph No. 13; and the .~results of the lateral deflection 
from axial loading in Graph No. 23. 
Specimen No. 4 
Specimen number four consisted of two structural windows (4830 reused 
from specimen number 2). These were assembled into a test specimen with 
a conventional double 2 x 6 header over the windows and with the double 
2 x 4 top plates nailed to the header. A 2 x 4 stud was nailed to each 
outside vertical edge of the structural window panels. The results of this 
section in transverse loading may be seen in Graph No. 4; the results of 
axial loading in Graph No. 14, and the results of the lateral deflection 
from axial loading in Graph No. 24. 
Specimen No. 5 
Specimen number five consisted of two structural windows (4863 reused 
from specimen number two). These were assembRd into a test specimen with a 
conventional double 2 x 6 header over the windows and with 2 x 4 top plates 
nailed to the header. As before, a 2 x 4 stud was nailed to each outside 
vertical edge of the structural window panels, Figure 17. The results of 
this section in transverse loading may be seen in Graph No. 5; the results 
of axial loading in Graph No. 15, and the results of the lateral deflection 
from actual loading in Graph No. 25. 
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Fig-. 11 8 x 8 Conventional Section 
Pig. 13 Panelized Construction. 
Structural Window 4830 
Fig. 15 8 x 8 Pane1ized Construction. 
Structural Window 4863 
Fig. 12 Failure in Conventional Section 
from Extreme Loading 
Fig. 14 Section Ready for Axial Loading 
Fig. 16 Test Specimen Under Transverse 
Loading 
Specimen No. 6 
Specimen number six was a ~cnventional wall section with window 
opening section fabricated to p~ used for the comparative analysis with 
the panelized structural windows. This specimen differed from the previous 
five in that its dimensions were 4 x 8. It was framed with 2 x 4 studs 
16" o.c. A conventional double 2 x 6 header was placed over the opening 
and a double 2 x 4 top plate was nailed to the header as recommended. A 
2 x 4 stud was nailed to each cripple. The results of this section in 
transverse loading may be seen in Graph No. 6; the results of axial loading 
in Graph No. 16, and the result~ of the lateral deflection from axial 
loading in Graph No. 26. 
Specimen No. 7 
Specimen number seven consisted of one structural windo~ (4830), 
assembled into a test specimen with a double 2 x 6 header as used in wall 
panel framing systems. A 7 J i lag screw fastened the double header to the 
top panel plate. A 2 x 4 stud was nailed to each vertical edge of the struc-
tural window panels. Figure 18. The results of this section in transverse 
loading may be seen in Graph No. 7; the results of axial loading in Graph 
No. 17, and the results of the lateral deflection from axial loading in 
Graph No. 27. 
Specimen No. 8 
Specimen number eight consisted of one structural windowt (4863), 
assembled into a test-specimen with a double 2 x 6 header as used in panel-
ized framing systems. A 7" lag screw fastened the double header to the t'Op 
panel plate. A 2 x 4 stud was nailed to each outside vertical edge of the 
structural window panel, Figure 19. The results of this section in transverse 
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Fig. 17 Double Window 4863 
Ready for Transverse Test 
Fig. 19 Window 4863 Ready for 
Axial Loading 
Fig. 18 4 x 8 Specimen Ready for 
Axial Loading 
Fig. 20 Transverse Loading Set-Up 
loading may be seen in Graph Nq ( 8; the results of axial ~oading in 
Graph No. 18, and the results of the lateral deflection from axial loading 
in Graph No. 28. 
Specimen No. 9 
Specimen number nine consisted of one structural wi~dow, ( 4830), 
assembled into a test specimen with a conventional double 2 x 6 header over 
the window, and the conventional double 2 x 4 top plates nailed to the 
header. A 2 x 4 stud was nailed , to each outside vertical edge of the 
structural window panel. The results of this section in transverse loading 
may be seen in Graph No. 9; the results of axial loading in Graph No. 19, 
and the results of lateral deflection from axial loading in Graph No. 29. 
Specimen No. 10 
Specimen number ten consisted of one structural window, (4863). This 
window was assembled into a test specimen with a conventional double 2 x 6 
beader over the window and the conventional double 2 x 4 top plate nailed 
to the header. As before, a 2 x 4 stud was nailed ~o each outside vertical 
edge of the structural window panel. The results of this section in trans-
verse loading may be seen in Graph No. 10; the results of axial loading in 
Graph No. 20, and the results of the lateral deflection from axial loading 
in Graph No. 30. 
RESULTS 
Each of the specimens subjected to the aforementioned transverse loading 
and axial loading tests, was reported inthe form of deflection curves. The 
horizontal ordinate of each graph records the deflection in inch measurements. 
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The vertical ordinate records the vari.ous loads applied; pounds per square 
foot for transverse loading and pounds per lineal foot for axial loading. 
Design loads for transverse tests are 15 pounds per square foot. 
Allowable deflection at the center of each specimen side must average 
360 
) and 0.375 inches ( L 
240 
) for dry 0.250 inches or less for plaster ( L 
wall interior finish (2). The symbol6 notes the location of the allowable 
deflection for plaster and the symbol+notes the location for allowable de-
flection for dry wall finish. The heavy curve on the graph connects the 
points of deflection for each of the specified loads. The points are 
designated by the larger heavy dots. The lighter eurve connects the points 
resulting from residual set in the specimen. These points are designated 
by encircled dots. 
The graphs of the specimens are arranged in the following order: 
Transverse loading, Graph No. 1 through Graph No. 10. 
Axial loading, Graph No. 11 through Graph No. 20, and 
lateral deflection from axial loading, Graph No. 21 
through Graph No. 30. 
From the graphs described above, three tables were derived giving the 
graph number from which they were taken, the size of the sections, the type 
of window or opening, and the performance characteristic. Table 1 is the 
transverse test results of both the large and the small sections. Table 2 
is the axial load test results, and Table 3 is the lateral deflection, from 
axial loading, of all of the sections subjected to the loading. 
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Table 1. TFANSVERSE LOADING 
GRAPH SPECIMEN SI~E FRAMING SYSTEM DEFLECTION AT DESIGN LOAD 
(ft.) 
No. 1 8x8 Conventional Framing. ll exceeds L and...!.. 
No Window Frame 360 240 
No. 2 8x8 Panelized - Double 6 exceeds . L • Does not exceed....!!... 
Window - 4830 360 240 
No. 3 8x8 Panelized - Double A does not exceed _.!!_ or L 
Window - 4863 360 240 
No. 4 8x8 Conventional Header. 6 does not exceed...!.. or _.!!_ 
Double Window - 4830 360 240 
No. 5 8x8 Conventional Header. 6 does not exceed...!!.... or _.!!_ 
Double Window - 4863 360 240 
No. 6 4x8 Conventional Framing. 6 does not exceed _.!:!_ or .-!i.. 
No Window Frame 360 240 
No. 7 4x8 Panelized - Single 6 does not exceed~ or...!!.._ 
Window - 4830 360 240 
No. 8 4x8 Panelized - Single 6 does not exceed...!!.... or_!!_ 
Window - 4863 360 240 
No. 9 4x8 Conventional Header. 6 does not exceed...!!._ or~ 
Single Window - 4830 360 140 
No. 10 4x8 Conventional Header. 6 does not exceed_!_ or...!!.... 
Single Window - 4863 360 240 
Table 2. AXIAL LOADING 
GRAPH SPECIMEN SIZE FRAMING SYSTEM RESIDUAL DEFLECTION 
(ft.) At 2 1/4 Design Load 
No. 11 8x8 Conventional Framing. 7% residual b. 
No Window Frame 
No. 12 8x8 Panelized - Double 20% residual b. 
Window - 4830 
No. 13 8x8 Panelized - Double 25$ residual A 
Window - 4863 
No. 14 8x8 Conventional Header. 12% residual b. 
Double Window - 4830 
No. 15 8x8 Conventional Header. 27% residual A 
Double Window - 4863 
No. 16 4x8 Conventional Framing. 21% residual 6. 
No Window Frame 
No. 17 4x8 Panelized - Single 23% residual A 
Window - 4830 
No. 18 4x8 Panelized - Single 22% residual A 
Window - 4863 
No. 19 4x8 Conventional Header. 16% residual A 
Single Window - 4830 
No. 20 4x8 Conventional Header. 13% residual A 
Single Window - 4863 
Table 3. LATERAL DEFLECTION - Axial Loading 
GRAPH SPECIMEN SIZE FRAMING SYSTEM RESIDUAL LATERAL DEFLECTION 
(ft.) At 2 1/4 Design Load 
No. 21 8x8 Conventional Framing. 12$ residual ll 
No.Window Frame 
No. 22 8x8 Panelized - Double 12$ residual 6 
Window - 4830 
No. 23 8x8 Panelized - Double 10$ residual ll 
Window - 4863 
No. 24 8x8 Conventional Header. 6$ residual ll 
Double Window - 4863 
No. 25 8x8 Conventional Header. 18$ residual ll 
Double Window - 4830 
No. 26 4x8 Conventional Framing. 15$ residual 6. 
No Window Frame 
No. 27 4x8 Pauelized - Single 10$ residual ll 
Window - 4830 
No. 28 4x8 Panelized - Single 18$ residualfl 
Window - 4863 
No. 29 4x8 Conventional Header. 10$ residual ll 
Single Window - 4830 
No. 30 4x8 Conventional Header. 10$ residual 6. 
Single Window - 4863 
CONCLUSIONS 
1. Shipping and packaging: Three of the six structural windows were 
damaged during shipment. One of the windows, 4830, was damaged as a 
result of a racking blow. The 1 x 4's along one edge were separated. 
Two of the 4863 .windows were broken. The ·window sash were detached 
from the frame and the glass had been remqved in Chicago. There was 
no evidence on the crating material that punctures of any kind had 
been made. Damage was obviously a result of dropping the package. 
2. A poor glue bond was observed before testing in each of the panel sides. 
Inadequate nail pressure and the observance of a starved glue line 
undoubtedly suggested the cause for the separation of the l .·:x 4 • s. 
No glue line failure was observed, however, between the 1 x 4's and 
the window framing. 
3. The 1 x 4 side plates were of an inferior grade unsuitable for such 
a structural component. Occasionally, when nailing studs to the 
window frame, splitting of the 1 x 4's occurred as a result of the 
nails driven near the knots. 
4. It is recommended that window framing material exposed to outside 
elements be preservative treated. The six panels used in the present 
study were observed to have had no preservative treatment. 
5. To be a complete study according to ASTM Specifications, a minimum 
of three panels of identical nature should be subjected to each of 
the separate tests- The present series of tests must be considered a 
pilot study and in no way should be extended even as a statistical 
representation. 
6. All of the structural window assemblies passed the suggested per-
formance standards for wall sections with window openings with one 
exception. Specimen number two (double window 4830) exceeded the 
allowable deflection limit for plaster under transverse load. It 
was acceptable for dry wall. 
This failure in stiffness may possibly be attributed to the extremely 
poor quality of the 1 x 4 side plate, and points up the necessity 
for care in selection of the material for this piece. It would seem 
advisable to use clear vertical-grain douglas fir or its equivalent 
for this side plate member. It should also be pointed out that it is 
necessary ·to test a minimum of three specimens of each type in order 
to obtain a representative result. 
7. The 8' x 8' wall section with a conventionally framed window opening 
failed to pass tHe suggested standards for deflection at design load 
under transverse bending. Obviously, some additional strength would be 
gained· if a non-structural window had been installed in the opening. 
8. All of the structural window assemblies exceeded the performance of 
the comparative wall panels with conventionally framed windows. It 
should be pointed out, however, that no window frame of any type was 
installed in the opening and, therefore, the stiffening of such framing 
was lost. 
9. All the described specimens were tested for axial loading with favorable 
results compared to the suggested standards. None of the sections tested 
in axial loading exceeded the 40 per cent maximum allowable residual 
deflection, and none of the sections tested for lateral deflection 
exceeded the 40 per cent maximum allowable residual deflection. 
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